Abstract. This study has evaluated the effects of wash time, friction and soap on the decontamination of hands seeded with Escherichia coli. In one protocol contaminated hands were held passively under running tap water. In another, contaminated hands were again held under running tap water and the fingers and palms rubbed together. In the final protocol soap and friction were used under running water. The number of contaminant E. coli transferred by touch contact to food or a surrogate item representing skin was quantified, before washing and after washing for intervals up to 20 s. Decontamination profiles were determined for each protocol. When hands were washed under running water with friction over a period of 20 s, the number of E. coli contaminating food and the skin surrogate was progressively reduced respectively to 0.18% and 0.34% of the baseline level. Running water alone was comparatively ineffective. The addition of soap showed a modest benefit. We conclude that in situations where hands are not visibly soiled, a purposeful hand wash under running water for 20 s, with friction, will deliver an effective outcome that can be improved marginally by the addition of soap.
Introduction
Infection control units consider hand hygiene, and in particular hand washing, to be the principal means of managing the transmission of infectious diseases by touch contact. Historically, the first recorded successful intervention achieved by hand washing or, more accurately, hand disinfection, was that of I. P. Semmelweis. 1 Other practitioners followed his example and today the reality of the spread of infectious diseases by touch transfer is appreciated by health professionals across the spectrum of hospital infection control, food-borne diseases, childcare centre health and the containment of infection in the community.
While there is an expansive literature on hand hygiene, the majority of studies have reported on the effects of sanitation and disinfection on decontamination. Surprisingly little attention has been paid to hand washing per se and, as a result, guidelines and protocols have relied on expert opinion and intuition. 2, 3 Wendt 2 concluded that the provision of meaningful guidelines for hand decontamination was handicapped by a paucity of data on the effectiveness of various protocols and agents under 'in use' conditions. Smith, 4 in a recent review of hand-washing techniques, commented on the sparsity of evidence to support guidelines and the urgent need to undertake methodologically sound studies of hand-washing variables. There is clearly a need for data that would allow informed recommendations to be made with regard to hand-hygiene protocols. The aim of this study was to evaluate the influence of time spent hand washing, hand-to-hand friction and the inclusion of plain soap on hand decontamination under running tap water. A novel method involving touch contact with a food item or surrogate skin surface was used to quantify the effect of the three variables on hand decontamination profiles.
Methods

Participating subjects
Five male and six female staff members, from within the University of Auckland and Auckland Hospital volunteered to participate in this study. The 11 subjects were drawn from clinical, technical and administrative staff. Healthy skin on forearms and hands were requirements for participation.
Ethical approval
A detailed description of the planned experiments was submitted to The University of Auckland's Human Subjects Ethical Committee and ethical approval for the study was obtained. A detailed explanation of the purpose and nature of the study was supplied to all participants in the form of a participant information sheet. Participants were asked to give written informed consent.
Study design
The study involved volunteers deliberately contaminating their hands by making contact with a surface impregnated with a saline suspension of a strain of Escherichia coli isolated from the subjects' own bowel microbial flora. The experiments studied the effect of three hand-washing variables on hand decontamination. Each protocol was treated as an individual experiment that included a baseline level of hand contamination and data from samples taken after washing for 5, 10, 15 and 20 s. Prior to, and on the completion of each protocol, the subjects handled one of two surrogate surfaces representing food and skin. The numbers of contaminants translocating to the surfaces by touch contact were quantified, after elution, and the plating of aliquots of the eluate onto MacConkey agar. Bacterial numbers were counted after 24-h incubation and reported as colony forming units (cfu). At the end of each experiment the subject's hands were decontaminated and a 'stand down' period of 15 min observed before any further experimentation was undertaken.
Sampling involved three protocols, five time points including a baseline sampling, and two surrogate surfaces. In total, 330 samples were analysed (Fig. 1 ).
Hand contamination with E. coli
Study participants provided the investigators with a specimen of their stool on an applicator stick held in a sealed container. The stool was suspended in saline and an aliquot cultured on E. coli-selective MacConkey agar plates and incubated at 37 C for 24 h. A single lactose fermenting colony was selected and dilution streaked on MacConkey agar to ensure the presence of single colonies. After overnight incubation an individual colony was selected and transferred to horse blood agar for overnight growth and identified using an Analytical Profile Index (API) strip (bioMerieux, Marcy l'Etoile, France). These preparations were stored at 4 C and became the stock cultures for each study participant.
On the day before the test, single colonies of E. coli from the participating subject were obtained following subculture of the individual's stock culture on to horse blood agar. An individual colony was selected and used to inoculate 9 mL of tryptone soya broth. Four such cultures were prepared. After overnight incubation at 37 C the broth cultures were centrifuged to deposit the microbial cells and the supernatant was discarded. The microbial cells were resuspended with 9 mL of sterile saline solution. The process was repeated twice. The four 9 mL washed broth cultures of E. coli were then added to 60 mL of sterile saline and mixed, using a flask shaker, to ensure a uniform bacterial suspension. A 6 mL aliquot of the bacterial suspension containing E. coli was then added to a 25 Â 6 cm section of blotting paper placed in a shallow sterile plastic tray. The fingers and thumbs of both hands of participants were placed in firm contact with the contaminated blotting paper and held there for 10 s. The hands were then air-dried by swinging the arms with fingers extended backwards and forwards away from the body for 2 min. The hand contamination was carried out within a purpose-built containment unit fitted with a protective visor to prevent splashback. The unit was decontaminated after each use.
Hand-washing variables
Three variables associated with hand washing were assessed (Fig. 1) .
(a) Running water (RW). The subjects' hands were held in a flow of running tap water with no hand-to-hand friction for periods of 5, 10, 15 and 20 s. (b) Running tap water plus hand-to hand friction (RW+F).
The procedure was as described above, but in addition participants were instructed to wash the palms and backs of their hands and to focus on the fingers and interdigital surfaces. Hand-to-hand friction required firm contact between the palms and fingers combined with an energetic rubbing action. Participants were observed closely to ensure compliance. (c) Running water plus friction and soap (RW+F+S).
Running water plus friction as above, but including the use of plain non-germicidal liquid soap. In this case the participant's hands were lightly sprayed with tap water in a plastic container with a spray head nozzle, before 0.25 mL of liquid soap was squirted on to the hands from a dispenser. The soaped hands were then rubbed together, using the same technique as above. For the 5 s time point the soaped hands were placed immediately under running water. For the other time increments (10, 15 and 20 s) the hands were lathered for 5 s and then washing continued under the running water for the remainder of the time interval under study. The flow of water from a standard surau neck water faucet (swan-neck, twin-lever faucet) was set to 7 L per minute and the temperature maintained at between 39 C and 41 C. The tap water used for the hand washing in all these experiments met New Zealand Ministry of Health drinking water standards and, according to company records and our own regular analyses (unpubl. data), it contained no demonstrable coliforms or other aerobic microorganisms over the period of the study.
Surrogate surfaces
Two items representing skin and food were used to determine the number of E. coli translocating on touch contact. Pieces of soft synthetic chamois, 2.5 Â 2.5 cm, were washed and dried before being gas-sterilised. A strip of Black Knight Licorice (Nestle NZ Ltd, Auckland, NZ) was cut in 2.5 Â 2.5 cm pieces and gas-sterilised with ethylene oxide.
Touch transfer quantification
The effect of hand-washing variables on decontamination was quantified by determining the number of E. coli translocating to the two surrogate surfaces before, and on the completion of, each hand-washing procedure. A baseline translocation level was determined for each protocol and time point. To achieve this, subjects' hands were contaminated as previously described. After air drying at ambient temperatures for 2 min the hands were sprayed with a fine mist of water to ensure maximum transfer of contaminants. 17 Samples of one of the two surrogate surfaces were picked up in each hand and the item fingered firmly for 5 s before being transferred to sterile 20 mL glass universal containers. The number of microorganisms transferred provided a baseline against which the results of the decontamination protocols were compared. After completing each protocol, subjects 'flicked' their hands over a basin to remove surplus water before also fingering a surrogate surface firmly for 5 s. For quantitative analysis, 9 mL of saline was added to each 20 mL glass universal container which were then vortexed for 10 s to elute contaminants. Microbiological analysis was carried out by making 10-fold dilutions of the primary sample in sterile saline. One mL aliquots of each dilution were incorporated into MacConkey agar pour plates and cfu from plates containing between 30 and 300 cfu were counted after 24 h incubation at 37 C (Fig. 1) .
Hand decontamination
Subjects' hands were decontaminated on the completion of each experimental protocol, including baseline, using a sterile, antiseptic-free, surgical scrub brush under running water for 2 min followed by thorough drying with several paper towels. Testing was conducted to ensure the removal of all E. coli contaminants.
Statistics
The effect of each hand-washing protocol on contaminant translocation to food and skin substrates has been presented as the mean and standard error of the number of cfu of E. coli translocating at each sample point. Eleven individuals participated at all time points. 'Percentage of baseline' was calculated by expressing the number of E. coli translocating at a given time point as a percentage of the baseline figure, that is prewash, for the protocol being tested.
Results
Effect of the time spent washing, friction and soap on decontamination rates
The time spent washing was an important determinant of the effectiveness of the three protocols. A substantial level of decontamination was achieved when a wash time of 10 s was used with running water plus friction and running water plus friction and soap. Extending the wash time to 20 s markedly improved the effectiveness of all three protocols. Touch contact transfer of E. coli contaminants to skin-surrogate was reduced to 3.02%, 0.25% and 0.02% of baseline levels for running water, running water plus friction and running water plus friction and soap, respectively and to 7.23%, 0.33% and 0.18% in the case of food (Table 1, Fig. 2 ).
The addition of hand-to-hand friction markedly improved the level of decontamination. Passively holding the hands under running tap water was a comparatively ineffective process with 3.02% and 7.23% of the baseline contaminants translocating to skin and food, respectively after 20 s. When the hands were purposefully rubbed together under running water, contaminants remaining were reduced to 0.25% and 0.33% of baseline, respectively.
The addition of soap initially delayed the decontamination process when skin-surrogate was used as the contact surface, but conferred a modest benefit at the 20 s sampling time point. In the case of food, decontamination was marginally improved at all time points by the addition of soap.
Discussion
In view of the considerable literature on hand-washing practices, one might question the need for a further investigation. Smith 4 has recently drawn attention to the alarming lack of robust evidence to support current handwashing protocols. The reality, which has been commented on by experienced researchers, is that few studies have addressed the effects of common variables affecting handwashing efficacy and outcomes. 2, 3, 5 In the current investigation the effects of three such variables on hand decontamination were assessed. Of the variables evaluated, the time spent under running tap water and hand-to-hand friction during washing had the most influence on the decontamination profile of hands deliberately contaminated with E. coli. The numbers of E. coli translocating to a representative surface with touch contact were substantially reduced by a 5-10 s wash but a 20 s wash was required to reduce translocating contaminants to an acceptable level (0.2% to 0.3% of the baseline figure) . Holding contaminated hands passively under running water was ineffective. However, the decontamination rate was markedly enhanced when friction, that is energetically rubbing the hands together while washing, was added to the protocol. The addition of soap led to a delay in decontamination during the initial 5-10 s of washing but this differential was not evident at the 15-20 s time points where marginal benefits were found. Realism was added to the protocol through the use of a novel touch contact method, coupled with microbial recovery, to quantify the decontamination process. Both Wendt 2 and McDonald 6 have commented on the need for some methodological innovation that would allow the results of hand hygiene studies to align more closely with actual events. The concept of using touch-contact microbial transfer to surrogate surfaces to quantify the effect of a hand-hygiene protocol on decontamination goes some way to fulfilling this requirement, as it closely mimics everyday situations.
The degree to which friction during hand washing enhanced the decontamination profile was surprising. Hand hygiene guidelines suggest rubbing the hands together 3 but there is no indication that the recommendations are evidencebased. The role of friction in hand hygiene clearly needs emphasising as the contribution of an 'active' hand washing technique to decontamination is not widely appreciated.
Assessment of the effect of soap on hand decontamination also produced seemingly unexpected results. However, on reflection the observation that decontamination was delayed by the inclusion of soap could have been expected. The explanation we favour is that soap acted as a lubricant and initially reduced the frictional component of the wash. This is supported by the observation that the decontamination rate was restored at a time when the soap would have been washed off the hands. Because the primary action of soap is to solubilise fats and oils and suspend macro-soiling, the contribution of soap is likely to be more evident when these substrates and their contaminants are present on the hands. In the current study the hands of participating subjects were contaminated with a saline suspension of E. coli where the use of soap would not have been expected to affect the decontamination profile. Indeed a criticism of the study could be that the contaminating microorganisms were presented in a saline suspension rather than an organic milieu. However, the choice was a considered one given that in most situations where hand hygiene is practiced, the hands would not be obviously 'soiled'; that is, presenting with visible surface organic material. In an environment where overt soiling is common the use of soap would be mandatory.
Prevention of the spread of infectious disease by touch contact is the aim of health professionals and educationalists in several hand hygiene-sensitive areas. One hundred years after Semmelweiss initiated his interventions in an Austrian hospital, nosocomial infections are still recognised as a major clinical problem. 7 Evidence for an association between incidents of hospital-acquired infection and the carriage of pathogens on the hands of healthcare workers has been steadily accumulating, 8, 9 as has confirmation that such infections are reduced when hand-washing guidelines are adhered to. 10, 11 The positive effect of hand washing in reducing the incidence of infection has also been reported in studies involving elementary school pupils, 12, 13 and the wider community.
14 Nonetheless the limitations of hand washing as a decontamination procedure also need to be recognised as it is likely that some transient contaminants remain on the hands even when an approved protocol has been used. Evidence for the persistence of 'cadaverous particles' following hand washing led Semmelweiss to add chloride of lime to his hand hygiene protocol. 1 Microbial persistence was also the basis of the effectiveness of the soap and water wash being questioned. 15, 16 The disclosure that moisture on the hands acts as a 'microbial mobiliser' relates directly to this issue and has added a new dimension to hand-hygiene principles. 17 A recent community-based study demonstrated that microbial transfer following touch contact can be reduced by as much as 99.8% if the hands are carefully dried after washing. 18 Emphasis now needs to be placed on the maxim that effective hand hygiene is a dual process and indeed as much attention should be paid to hand drying as to the decontamination wash.
Although alcoholic hand rubs continue to be promoted as an alternative to hand washing, their use is a matter of convenience rather than efficacy. Sickbert-Bennet et al. 19 tested the comparative efficacy of hand-hygiene practices, including hand washing and alcoholic rubs, on the removal of Seratia marcesens and the non-enveloped MS2 virus from contaminated hands. Decontamination was best achieved with a non-medicated soap and water wash. In a similar study Grayson et al. 20 compared the ability of a soap and water wash with an alcohol-based rub to decontaminate the hands of volunteers seeded with live H1N1 virus. Soap and water proved to be more effective than the alcoholic rub. While alcoholic rubs are becoming increasingly accepted in the clinical environment, their value outside this setting has yet to be established.
